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INTRODUCTION
Stumptailed macaques have the unusual
property of becoming partially bald (1). After
adolescence, all adult animals develop baldness,
which begins in the forehead and advances
FIG. 1. Scalp of adult male stumptailed macaque
showing bald forehead. Numbers and boxed-out
areas correspond with the biopsied areas.
toward the parietal region, a pattero similar
to that in mau.
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In the present series of studies we shall trace
the development of common baldness in these
animals. We have focused our attention upon
the follicles in the frontal and parietal areas
of the scalps of both young and adult animals.
FIG. 2. Young male stumptailed macaque with
the face and above-eyebrow areas showing sparse
guard hair.
MATERIALS AND MRTHODS
Punch biopsy specimens (6 mm in diameter)
were obtained from the forehead just above the
eyebrow, the upper frontal area, and the parietal
regions of the scalp of one juvenile male, which
showed no sigos of baldness (Fig. 2). We took
specimens from the forehead of 2 adult males
just above the eyebrow, the bald upper forehead,
a transitional area between bald and hairy skin,
and the hairy parietal part of the scalp (Fig. 1).
Each specimen was cut in half and embedded
in paraffin. Serial sections were cut from each
block, one longitudinally, parallel to the slant of
the folhcle, the other horizontally. The slides were
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Fso. 3. Cross sections of hair follicles (A.-D, anagen type; E, telogen type; F, catagen
type). A: at the level of the middle portion of the hair follicle; B: keratinizlng level; C:
upper bulb; D: lower bulb; F: lower part of the telogen follicle; F: lower part of the
eatagen follicle.
stained alternately with hematoxylin-eosin, PAS,
and AOY (2).
The surface serial sections were useful for
counting all of the follicles in an area; each
cross section of a hair follicle was traced from its
orifice down to the bulb. The stages of growth
cycle of the follicles were ascertained in longitu-
dinal sections.
An estimate of the distribution of glycogen and
acid mucopolysaccharides was obtained from PAS-
treated sections. Elastic fibers and arrectores
pilorum muscles were studied in AOY-stained
sections.
In addition to these specimens, hair follicles
were dissected intact from the surrounding con-
necting tissue to measure accurately their size and
to study their content of enzymes without the
contamination of surrounding tissue.
The total number of hair folhcles was counted
in each biopsy specimen and the stages of their
activity were determined (Fig. 3).
RESULTS
Figures 4—7 show representative populations
and sizes of hair follicles on the lower (Fig. 4)
and upper bald forehead (Fig. 5), a transi-
tional area (Fig. 6), and a hairy parietal area
(Fig. 7). The results of our numerous observa-
tions are summarized in Table 1. The first
and third sets of triehograms (A and C) in
the table show the average numbers of hair
follicles found in different areas of the scalp of
an adult and young animal respectively. It can
be seen that the foreheads of young and adult
animals have a scantier population of follicles
than the other areas. Most of the follicles in
the alopccic forehead of adult animals arc
very short and quiescent; in the "hairy" fore-
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FIG. 4. Above-eyebrow area—one of each anagen and telogen type of terminal bair
follicle and two vellus hair follicles. >< 25.
FIG. 5. Bald area of the forehead, 3 telogen and 2 anagen type of vellus bair follicles.
X 25. Sebaceous glands showing same size as those of the terminal follicles of Figure 4.
head of young animals, the follicles vary (B and D) of Table 1 show the actual lengths
widely in size, but number about the same as of the follicles in telogen, anagen, and catagen.
those in the adult. The proportion of anagen to telogen hair
The second and fourth sets of trichograms follicles in these scalp areas of young and adult
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Fie. 6. Hairy-bald transitional area—2 anagen type of terminal and 2 vellus hair follicles.
)< 25.
FIG. 7. Parietal hairy area—many anagen type of terminal and few vellus hair follicles.
)< 25.
animals is signifiennt. Telogen hair follicles
predominate in the bald forehead areas, while
in the parietal hairy area the follicles are
mostly in anagen. In the transitional area
about half the follicles are in nnagen and half
in telogen. These hair follicles are distributed
almost identically in both young and adult
animals: the forehead has more telogen than
anagen follicles as compared to the other two
areas.
Figures 4—7 show the different types and
sizes of hair follicles in the different areas of
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the scalp. Most of the anagen follicles in the
parietal area are about 2 mm long. Some of
the anagen follicles in the transitional area, in
the area above the eyebrow, and in most of
the bald area are about one mm. The size and
structure of the follicles are best seen in micro-
dissected specimens (Fig. 8).
The short follicles, most numerous above the
eyebrow of young animals, have been called
vellus or lanugo hair follicles (3). They are
not limited to the bald area, being present in
the transitional areas and elsewhere (14, 15).
Whereas true vellus hair follicles are non-
erectile, having no arrector pili muscle at-
tached to them (1), many of these "vcllus"
follicles in the bald scalp still have muscles,
the follicles having arisen from terminal hair
follicles. Figure 9 shows a minute telogen
follicle with an arrector pili muscle inserted
onto its lowest part by means of very fine
elastic fibers. In Figure 10 the follicle has no
muscle. In Figures ha—c the arrcctorcs pilorum
are stranded without being attached to a hair
follicle.
DIscUssToN
The distribution of hair follicles in the
scalp is almost identical in young, nonbald
Fm. 8. Microdisseeted hair follicles: A) anagen,
terminal, 22 mm in length; B) anagen, vellus, 12
mm; C) telogeo, terminal, 0.8 mm.
animals and in adult ones. In both groups,
hair follicles are least numerous in the fore-
head.
The histological changes that occur in com-
mon baldness in man were described by Van
Scott and Ekcl (14); they stated that baldness
appears to be largely due to a progressive dim-
inution in the size of terminal hairs.
It is now agreed that baldness in man results
from the metamorphosis of hair follicles from
terminal to vellus (1, 4, 5, 6). The present
study supports this supposition, which is dem-
onstrated by the trichograms of young non-
bald animals and adult bald ones.
The distribution of follicles in the scalp of
young adult human beings has been studied
by Van Scott (7), Kligman (8), and Pecoraro
(9). They find that the ratio of anagen to
telogen is approximately 8:2; Van Scott (14)
now believes that the ratio is 9:1. Pecoraro
(9) found in the scalp of the newborn child
more telogen follicles in the frontal area than
in the parietal and occipital areas. In the
stumptailed macaquc the forehead also has
more telogen than the other scalp areas.
Montagna (1) has pointed out that there is
no structural demarcation between the "fore-
head" and scalp of this animal. Except for the
presence of guard hairs, even in man, the
"naked" forehead mnst be considered to be
scalp. When baldness develops on the frontal
area of the scalp and the hair line recedes or
disappears, the two arc indistinguishable. The
forehead, then, being bald scalp, makes every
human being partially bald, as is the case
of every adult stumptailed macaque.
Since baldness is the result of a transforma-
tion of guard hair follicles to vellus types,
something must be said about these follicles.
Noback (10) classified the vellus hair as one in
which the follicle has no ercetile tissue. Dan-
forth (3) reported that vellus hair follicles—
e.g., those on the forehead—undergo no changes
from childhood to old age. During the de-
velopment of baldness and with the onset of
old age (11, 12, 13), vellus hair follicles vary
greatly in size depending on their location;
hence a sharp distinction between vellus and
terminal hair follicles cannot be made on the
basis of length alone. Also, the vellus type that
develop from terminal ones during the process
of baldness may still have wisps of arrector
pili muscle attached to them.
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Fin. ha, b, c, d, e. Vellus telogen hair follicles. In all of these figures the arrector pili
muscle has lost its insertion to the follicle. As in Figure 10 this was ascertained by tracing
each of these follicles in serial sections.
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Although the aging process in man causes a
progressive degeneration of the follicles as well
as of the bodily organs in general, baldness in
young men (as in the stumptailed maeaque)
can be attributed only to the transformation
described here.
SUMMARY
Triehograms were made of various areas of
bald and nonbald scalps of stumptailed ma-
eaques (Macaca speciosa). Within any one
region of the scalp the density of the bair fol-
licles was almost identical between young non-
bald and adult bald animals. The bald fore-
head was populated mostly by telogen follicles
and a few short "vellus" anagen follicles, while
the hairy parietal area had mostly terminal
anagen follicles.
We conclude, therefore, that during the
phenomenon of baldness the number of hair
follicles does not decrease but the follicles be-
come transformed from terminal to vellus
types and remain largely quiescent.
The vellus follicle as seen elsewhere in the
body and the "transformed" vellus follicles in
bald areas may be distinguished by the pres-
ence of arreetor pili muscle, either still at-
tached at their base or lying free somewhere in
the vicinity.
These conclusions agree with those of other
authors who have investigated human baldness.
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